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[Ml] ^7^a7-«ttl±©*-Jt?>ftli©S 




c 0 >§a}i»jtie 
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1 



9 <D9»£fiL : %77s CO S EfiX^;i/*-#-94000 

(cal/mol ) *iRT&5&JK^&;fr<=>&-54'P.flB£Wb 
Tft & Z. £ tT S»«E»S£#. 

ffiE+WBli, Cr, Ti, Z r, V, Si &-&tf»^ 

©wx awns*? & zztz&m h t zmmzmm 

M»#JS4] »:^2E*©a»E«flE*l;:43Vvr, 
KUB+WJittT -t©JBfflW25A£Un?*-6 

£ts#«tT«««e»«H*. 20 

E3$att&^ «, C o P t ^CC r , N i , Ta©p 

Slit, tt#«ttT*B©±«c3ai«tt«[ ; 3 t i:2:n«Bt 

€ ©± fc&sfS £±J«# if £ffiMB * Mffr? -5 Ig t * 
*tf««eSt£#©«ifi#fefc*V>T. 30 

mmcomm 1 arbfe 0 ©s^ays^xossx* 

.N/3 1 - -94000 (cal/mol ) *jgT&-5&Jsl7G5?t7&->'=. 
ft -5 «f> F*B S * M& T -5 1 S £^ tf C t t f -6 

iRDBtf^b^wt-sattB^j^r^xst, mm 

ttB©±fcJft*S±j^£T*ff«WS»jST*l6t: 
t5E«®B©Jgj£XfI«, A r #X KjgTctetfX 

[§f#JS8] #«te*#©±fc#«t£Til&BSJBj*-r 

siit, ^*attTtfLB©±^®tt^t^n*n 

B©± £-r*««S 5igf£t5Ig £ £ 

?T, STcft^H^TTRF^D-^ftSrlii-rWfiaSX 50 
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[fg«?i©#M&Ifci3i] 
[0 0 0 1] 

'Sskhu mz. if7~^7-ffi.&mz&-?mmmi& 

[0 0 0 2] 

[«£*©««] x^^ju^^^^^jufx^-©^ 

3>bTi— ^©*1-gS*E1SSetf*SA— H^WX^ K 
9-f:/ (6TFHDD <tB§E) fc*JUT, S <b&-5itj&g 
• ^^Kb^gW^ttTV^. #i&HDDK:fllV>e>ft ; 5 
a^E®«#©HE®&&Kil0bits/in a KStbT* 
0 . ««*fc©Ji*tbT*ffitfy hfcawfcf-BflWb* 

3ft5E®&&©31&®#«207!>S30Gbi t 
s/in 2 ©fgfflT&-5t#;ti£>nTV>&. 
[0 0 0 3] ««E»«IMt:©J||ft3ttt*lft±S-a-*fc 

*e>, mtE&&&comgi,t'&mi&mzm i b&<m^£>ftT\,* 

(S*E30007!)S4000O e ) £J:«tfTV»<#fe&<&S>*lT 

us. co&t*©^att#icp t&t'£gs^bT#att 

#>. «P&a^ffi^©fS*fflb*<l>jarTr&-5©T?, iSSE 

[0004] u*u <fc«&p t&fi* 

%>©©, ^E*aiby-fX***Bjp-r*JiticifS:-5fc«), *s 

*tbT&*ttibX7— ©*fb&iH<©T?. iSESS&K 
fczmwpfo&o o % *S4*S©StT?S:ffl©a'fb©*ifii 

^■r-5te^ict>amwicf^fflb, Bssft^cDBEfboi^i* 
[0005] ^©J:p^aawffiaf^ffl ti^io o. / 

T, #B s Pl0-40529^« J ?>i(#M J FlO-92637^ffiCM 



( 3 ) 

3 

noattBta. mz.teftMv>coxkmim <co, 

Cr, Ta, P tfc£e>&m7tm&-£ti) ICSi0 2 , 
Al 2 O, , Cr 2 0 2 UiiO&'&lsm.ik,®*: 

[0 0 0 6] M&Ltz£v\Z, mfc<DU®.®g.*±.\?T 
fc^b*r6j«:^bT«Jt-r-5^t^U<^-5. b^ 20 
[0 0 0 7] 

[0008] si's, y7ra7-wui'f>©iia 

V>T, ^9r::r5— «^©±fc#— #>©«WKSjfc 

MMftlklRL E©^*>fcbfctt*fc#— 
-ai4^©± »c— * ftfc#—# * >fls b 

fcKS&X 9 3?* £ J6£- b T&ft;7J - # > * £i£ 
©KK ©#{b H* - >&SBI B #©*««T-*«»- W 

[0 0 0 9] **9!#©aa*K.kft«, -9- >y ;H8W££ 

— j£P#ffl (3^-RI) *6*lcaMtU 7J-#>«S®IT© 
Co3R«ttflt*»60Co*ffl«*H:«5tt»L&i:c:5, 

fc-5ffi£ftJR©i*#©<it (100/zg/m 2 £CF) t'itU 1000 

M + C0 2 — M0 2 + C 
(1) *WfoM-*fc»K:tt, S«SMS:#T©*:/X©g 
4Z*M-Gi (MO, ) 

CO, — c + o 2 



&m 2001-43526 
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^J^bfc. d©Co^mg©Mt4. #-#>ffisI^© 

*Wttlfe;ft^^*B©MSSlK£tt«l;:jR«llrt-S fe 
©T&3. 

[ooio] fit, ±iewhjSkm*. frftmomm 

jW*U b fc y 5 = i y -m&m £ to -3«8HE«»6#ft 
[0 0 11] 

[^s*»*T-5fcie)©^g] ±E»«**ft-r*&«> 

^XOlil^M- #-94000 (cal/mol ) *j»T^> 

ftl^Jl'*- **- 94000 (cal/mol ) *iiiT&-5&JS7C 
sRttt, Cr, Ti, Zr, V, S i Is. Eomz&'feU 

[0 0 12] **«*JK4ftta>fflrae y 5Za5-K 

v^t, y7ni7-att^©±ic4 j ra^^M-r^(S(c 

*aBfc{b***tffiBUB*»j«Btsn* i bOTr*o, ■€■© 

«t»IBIJB±fc«***j«»tr*««l»*J«Btr»lRlCtt 

<, ^^K{fc«5=&^*^v^M^iiK©«aB*^-r 

JiA»6©«tt7c*«o*wa*IB^ft:"C#, ^7^7 

[0013] ^c^t. «fras&«}^-rs^M7C3S*«wf 

5fc, «T© (l) ^©.fc^tc, d©^M7cSM{i-^ 

(1) 

[oo 14] ^ctr, tKJlttfciMlf-r 

(2) 



* 

( 4 ) 

5 

©^&#T©*:/X(Da*X*;Mi-G t (co 2 ) 
te + 94000 (cal/mol ) X$>^>i)\ ®5$if?BSn?©{£S 

C + 0 2 — CO, 
<Dmi£3:ft-?<D3rZrX<D&ll3X.*)\>*~G t (CO, ) 
«-94000 (cal/mol ) X-$>2>Z\£fr£>?>-T, 

M + C + 0 2 — MOi + 

^^©^^©SiX^^^-G, (MO, ) tVX 

-94000 (cal/mol ) «fc 0 t>/h£ < 10 

[0 0 15] B*-C> Cr, Ti, Zr, V, Si <D& 

tCF©iI 0 T$> 0 . Wfftfc -94000 (cal/mol ) 

T i + 0 2 - TiO, 

G f (TiO,) =-212000cal/mol/0 2 

(4/3) C r + 0 2 — (2/3) Cr, O, 
G, (Cr, O s ) =-168000cal/mol/0 2 

(4/3) V + 0 2 — (2/3) V 2 0 3 20 
G, (V 2 0 3 ) =-181000cal/mol/O 2 
Z r + 0 2 Z r 0 2 

G f (Z r 0 2 ) =-248000cal/mol/0 2 
Si + 0 2 — S i 0 2 
G, (S iO, ) = -204000cal/mol/0 2 
tpfflmvttntVTte, d©=k?ICCr, Ti, Zr, 

v, s i i3.z<D&m7im$:^tsh<D-z&z>&. ;ms.£ 
[0016] &\z. vmmwc r#>&&9. 30 

130A£UtT&-5«tJ&T«:. »{*3»P B 1IiTOCoi§ 
Iii2£l00 /zg/m 2 J^TIt«I^.-5^t^T?#, #SBI© 

•5. 

[0017] «t»flnjBj&»T 1 frzfcr). ^e>mm& 

25A&±-Z&Z>ffif$.T"b, M* 3 ^KJSgT© C o @m 
S£100 (ig/n 2 «TKffi)K.€> it, ffiSM©tt 

[0 0 18] KttJBKl^SnsWCafiatttt^t 
ITU, CoPt^CCr, Ni, TaOo^O'M 40 
< tfc ia©7C^5rmJab^:-&^fr€>Clt*i#-5. 

[0 0 19] frfr«4>mJB«OTStt&£«ft#C!)aiB 

<h, £©#&<TFlfcJl©±K^&tt&^<h;in£iet9ffl 

© ± ic^m £ t -r & &mm & m&r % xg t & # 
±fBffiSP©«fi£xstr5ta:oT, ±tzm&m<D± 

\Z, ^b#)©S5^1^SfcO©^^^^"X©gft 
X^;P^-*t-94000 (cal/mol ) STF^^MtcM 
d>£fc«4M3]JI£jgjirfSXg£W?-«£££4#&£^ 50 
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jBoriEBi+fcfc^T. (2) ^©a^sjs mtmimmt 

(3) 

\z\t, 

C (4) 

5. ^7Xj.5-^te^©±it4 , PflJi€:j&SIT3Xg-c 

^^{b^*^-*^v^K^K©«Ka*figji-r^ z 

[0 0 2 0] JfcMOSStbTiJ, #ai4**©±IC 

&m!&?z>xn£. z.<DW£.m<D±.\zm.m&±&i.#k.-? 

g,TT«SB*^-r«>%>©T&5^S, ^7-37- 
M7c3tl^>©T, &i!i&fc<fe£^S;fcv*&®fcBI«©# 

SIS 3. t 

[0 0 2 1] KlC»I©»ft£:LTtt, #fi£tt*#©±»C 
*attTfi&Jl*^T-5XSi:> E©#«1£-FiftJi©± 

jg^-r-axst, e:©atts©±ic^^^^^i:-r-5 

±ISffiSB©^Xgfc56^oT. STctt^fflmT 

t r f ^ d -mm zm-rmmrnxm &sts z. t t 

w&m<D±.\z%m.m ^^m-r^xn^tmm t ©*£-&£ 
■& $mm & % z> z. t & z> . 

[0 0 2 2] 

[ftwnMmcDBm) #t\z*&w<?>nmmm&mMiz& 
-j^rmmrz. m 1 \*&2zmmmzmz>Gffi.%zmmfo 

<o#m&m& mm) i©-hic #«ttT«aK2. mm 
&fc&m*m<D't>mm <.commm±m) 4, %-x> 
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[0 0 2 3] S« 1 ©+M" XtSjtS*^. 25-f >?=-, 3. 5-f 

2 «^©±I^JK^n^^5- 3 .7-fiSttJg3 
*«fct«8»1Wt*lM*"r*aWTr»riG3nT, J«J¥40rini 

40nmitf©C rii:©«II^?>^S. ^5— 
ttBt 3 te#&ttT&ffil 2 ©-hie C o 
&mol %d^Sc-hnol%^tri50 AiT©l(ST^5. 
i^T?CoS814SftlTlt Co, o Cr 2 , Pt 
, 2 &flS%<»:LT«. 0»*.tf. S iO 

2 , Cri Oj , ZrOs . T i 0 2 > Alj 

[0 0 2 4] CofcfflgfrikflN tUT, ^7-a7~« 

Co$ffl|&lt&4©*m£L.Ttt, Cr, Ti, V, S 



10 



8 



0. -94000 (cal/mol ) *gST&-5. £©C oJgitSBfr 
jUK4 0JKttSttMJR'?'bAV>*t. JK)P2nm 
COT .^©iJC^ff 2nm©C rl^, j£l::MJ¥2nm©C 

r^©±IC)KJP2nm©T iK©.fc3fc*JM|-e*>#tofc 
V>. *-Jl«>«aKtt5071S150Aj«|)|-rs. 

[Uttfll] «ttT«2tbTCr, ^5 -zl 7- 
?&ffi^3 tbTCo, 0 Cr 28 Pt, 2 -Cr 2 O 

[0 0 2 5] 
[*1] 



n 












Or/em 1 ) 


(■Torr) 


<«Toit) 




Cr TM* 
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1 
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Cr 




2-4 . 


1 


0 
















4 


t. 




TI 




4 


1 


1 





t££02 It^-T. i©a*^i6Mi^l:, Til© 

KJP^25A^±©»-g-Co^tBS^100 Mg/m 2 

[0 0 2 6] «ttK3©±fcCo*a«frjl: 
At 4 *j«Btr « ft ir y 9 n a. 5 -ffi&ttSIS® a»S -f * > 

ikisitwtmtfimmvTib* ^(owtrntr . twm&ux 

StftSflSft (T i O, ) &StS Co mm&i±m 4 & 30 
^$tl-5fc©-T?*-5^5, -?-©Co^ajE&it^4±ir 

# - # 5 & ^bit zmzitcomm &5±m 4 ^ 

#-Sfe©t#x.^>fl-S. 
[tHI&0»l2] #&t£T«?2 tLTC r, t?^*?— 
Stt!3i:l/TCo, oCr 28 Pt l2 -Cr 2 O 

3 . commm±m4tvxcrmtv. mmmit 

&ttfpb&. 40 

[0 0 2 7] 3 #m«*KS*b&Co*m 

»©^i¥&#'l4$:02 ir^-T. £©0#>6,i5i<=>^&.£-5 
fc, CrW&, JK/¥#130A£U:©*§-&C o}3tij§ 
£100 xig/m 2 UT\zn%.2>Z.t&XZZ.£i!)mWV 
fz. CrlliTigCltLmSb©©, SlJPfcJiK 

[*M^J3] -hfESUStfd 1 , 2TI1 fpra@i:bT©C 
^5-i7-itt3tUCo ( , Cr,, Pt, , 50 



^■^Xf?ffl^TT7>/t^^U>^LT*-#>«®^5 

tim&ftX-mt&UitVtz. *P!i;tf7>#JE£i&mTorr 7!) 
S^-hnTorrtbfc. 
[0 0 2 8] ^<5»ftT?»4, aUcte^BSTFT*— # 

>&mm 4 $jg^bfc©T, t? 7 =.^-7— mam 3 mm 
fcZ'ftXkvizWtmifimt&hTh* z\titim7tznz> 

[0 0 2 9] C©jaE*fc , r>V»Tt>Co»att»*fTo& 
JSm, 100 Mg/m 2 J^TlC«l^.^Cli^T^fc. 

[3US0!|4] *^ ! feCo^Fffi|»±^4^|g^-riC, ^5 
^i9-i8ffig|3£Jgfi£Lfc&. #-#>#?UK5©JfJ 

SI8l5£j&lg|Lfc. «1tT«2i:LTCr > ^5 = 
7— 8£fflK3 tLTCo, o Cr,, Pt, 2 -Cr 
2 0 3 tLfz. *^^7.JE*©anTorr 7}S&-hnTor 
rtUc. 

[0 0 3 0] fr*«fti£-CI2. A-*>«5*M 
[0 0 3 1] dW-it^^KS^lt-^ViTfeC o^tB 
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10 



Sfxofctt*, 100 Mg/m 2 KTfcfflASCliatT?* 

/*- 

[0 0 3 2] &43. ±IBHJfi«l. 2TWt4'H!K*m£ 
UT, Cr. Ti, Zr, V, S i &£©5fcJ£&ttfls4& 
fe-3<**R7CjRfefflV»T***«, iKlc, Au, Pt, 

Pd©*fc»ttfl:tt&«7cSltfcJBV»Tt>fiV». 
[0 0 3 3] 

[0 0 3 4]® >?7—3.y—m&m<D±\z'pfflm&f£ 
Airr * rse c a + ran a* e. -r * >ft l tcwtm &mmtsiwt 
[0035] © mz, fprnrntfc ra»&&o, 

o}gffig£100 /£g/m 2 KTt'«J^.-5Z:t*iT^, 
[0 0 3 6] ® fpffiJI^T i T^teD, -f-©Jgl 

<Dtem&&*<D&mm&mc>mt<Dm'££mmmz-c2 



[0 0 3 7] ® §Si£<t:l>T. A 
M&-&t, 'P?8m&Mf$.-&-r\z. a7ctt»H«TTr«f| 

H£^fi£-r5*>©-e&s;fre>> pj—aj—w&Bt&m 

©t, «$£ttv>iK9WMt&«sjB&a-& 

[0 0 3 8] © 9J©«ftfcLTtt, ®14JI£J£/&L;fc 
10 «S» ©^iSKftiLoT. S7c14^H«T-CR 
F 9 D -»« £ ig-r ifflllg **tf £ t t T 

[ai] &nmMm\zmz>mmmt&ftomMm&^-r 

20 [0 2] Hlfi^lR^JfiM2»C*^5«E^.ffi@^© 

c o ^tbft© c o mmmmm&fttii&^'ry? 

■5. 

[«F^©iera] 

2 -#«ttTi6JR 

©tfwn (co*aii»±jK) 

30 6 -ItfFMHR. 
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